Bougainvillea is widely used in traditional Mexican medicine to treat several diseases. This study was designed to characterize the chemical constituents of B. x buttiana extracts with antioxidant and cytotoxic activities using different solvents. The extraction solvents used were as follows: distilled water (dH 2 O), methanol (MeOH), acetone (DMK), ethanol (EtOH), ethyl acetate (EtOAc), dichloromethane (DCM), and hexane (Hex) (100%) at an extraction temperature of 26 • C. Analysis of bioactive compounds present in the B. x buttiana extracts included the application of common phytochemical screening assays, GC-MS analysis, and cytotoxicity and antioxidant assays. The results show that the highest extraction yield was observed with water and methanol. The maximum total phenolic content amount and highest antioxidant potential were obtained when extraction with methanol was used. With the exceptions of water and ethanol extractions, all other extracts showed cytotoxicity ranging between 31% and 50%. The prevailing compounds in water, methanol, ethanol, and acetone solvents were as follows: 4H-pyran-4-one, 2,3-dihydro-3, 5-dihydroxy-6-methyl (2), 2-propenoic acid, 3-(2-hydrophenyl)-(E)-(3), and 3-O-methyl-D-glucose (6). By contrast, the major components in the experiments using solvents such as EtOH, DMK, EtOAc, DCM, and Hex were n-hexadecanoic acid (8), 9,12-octadecadienoic acid (Z,Z) (12); 9-octadecenoic acid (E)-(13), and stigmasta-5,22-dien-3-ol (28).
Introduction
According to the World Health Organization (WHO), more than 80% of the world's population relies on traditional medicine for their primary healthcare needs. Bougainvillea is a native plant of South America, a type of bush belonging to the Nyctaginaceae family. It is a predominant species in the vegetation of Temixco, Morelos, and other states of México. Bougainvillea x buttiana and B. spectabilis are widely used in traditional Mexican medicine through preparations, decoctions, infusions, and powders for the treatment of several diseases, including painful disorders, such as cough, bronchitis, respiratory infections, hyperacidity gastritis, peptic ulcers, stomach cramps, fever, diarrhea, injuries, diabetes, and stomachache. B. x buttiana extracts are a complex mixture of a large number of phytochemicals that include phenolic compounds and flavonoids [1, 2] . It has been reported that the bracts of different colors from B. x buttiana present various pharmacological effects, such as antinociceptive, anti-inflammatory, and antioxidant activities, which can be attributed to the presence of phenolic compounds and flavonoids in its extracts [1,2].
Extraction, Preparation, Extraction Solvent, Temperature, and Cycles
B. x buttiana (var. Rose) (BxbVR; 500 g) bracts were collected and air-dried at room temperature for one week and immediately subjected to an electric grinder to obtain a fine powder.
For different extractions, 5 g of powered BxbVR was individually mixed with 100 mL of distilled water, methanol, acetone, ethanol, ethyl acetate, dichloromethane, or hexane at 26 • C for 24 h. Liquid extracts obtained were separated from the solid residue at 60 • C using a rotary evaporator (Heidolph, Elk Grove Village, IL, USA) under reduced pressure. All preparations were performed in triplicate. Extracts from each extraction process were collected in separate extraction vials and maintained at room temperature until subjected to phytochemical assays.
Dried extracts were weighed to calculate the percent yield of crude extract by the following Equation (1):
where A = the total weight of dried extracts obtained after drying and B = the total weight of ground plant material taken for each extraction process.
Phytochemical Screening

Total Phenolic Content (TPC)
The total phenolic content present in B. x buttiana (var. Rose) extracts was determined using the Folin-Ciocalteau phenol reagent method, as described by Singleton et al. [18] . In brief, 100 µL of extract (100 µg) was added to 0.5 mL of Folin-Ciocalteau phenol reagent and 1 mL of sodium carbonate (7.5% w/v) to a final volume of 2 mL. The contents were mixed and allowed to stand for 30 min. The absorbance at 765 nm was determined. The TPC is expressed in terms of gallic acid (GA) (equivalents of GA/gram of extract). The following equation is based on the calibration curve: Y = 7.5397X − 0.0291, R 2 = 0.9993, where X is the absorbance and Y is the mgGA/g. Each sample was analyzed in quadruplicate.
GC-MS Analysis
Analyses were carried out on an Agilent 6890B gas chromatograph (Hewlett-Packard, Palo Alto, CA, USA) fitted with an HP-5MS fused silica column (5% phenyl methyl polysiloxane 30 m × 0.25 mm i.d., film thickness 0.25 µm), interfaced with an Agilent mass selective detector 5973N and operated by HP Enhanced ChemStation software (Hewlett-Packard, Palo Alto, CA, USA). For GC-MS detection, an electron ionization system with an ionization energy of 70 eV was used. Helium was used as the carrier gas at a flow rate of 1 mL/min. The injector and transfer line temperatures were set at 250 • C and 285 • C, respectively. The column temperature was initially kept at 10 • C for 1 min, then gradually increased to 250 • C at a rate of 5 • C/min, and finally raised to 285 • C at a rate of 1 • C/min. A diluted sample in dimethyl sulfoxide (DMSO) (20% solution) of 2.0 µL was injected into the split mode at a ratio of 1:50. The chromatographic conditions and column used for GC analyses (Agilent 5973N gas chromatograph with FID detector) were the same as those for GC-MS analyses. The identity of the components of the essential oil was assigned by comparison on the HP-5MS capillary column and the GC-MS spectra from the Wiely7Nist data by co-injection with authentic compounds (Sigma Aldrich, Toluca, México). Quantification of the components was performed on the basis their GC peak areas on the HP-5MS column.
Evaluation of Cytotoxicity
L-929 cells obtained from (ATCC) are maintained in T-12.5 cm 2 filter cap flasks in RPMI-1640 medium supplemented with 1% penicillin streptomycin/L-glutamine and 10% fetal calf serum (FCS) and 5% CO 2 . A monolayer of L-929 cells in medium RPMI-1640 supplemented with 5% of FCS were trypsinized, and distributed with 3−5 × 10 4 cells per well, when the cells had reached about 90% of confluence, for control cells 100 µL of medium and for samples with 100 µg/100 µL of different extracts diluted in RPMI-1640 medium was added to each well. After incubation for 24, 48, and 72 h at 37 • C in a humidified atmosphere of 5% CO 2 , the supernatants were removed and the remaining living cells were assessed after fixing and staining with crystal violet (0.2% in 20% methanol) for 10 min at room temperature. The absorbance at 620 nm of each well was read in a microplate reader. To calculate the cytotoxicity percentage, the following Equation (2) was used [19] :
DPPH Free Radical Scavenging Activity
The antioxidant activities of the Bxb extracts and standard were assessed on the basis of the radical scavenging effect of the stable 2,2 -diphenyl-1-picrylhydrazyl (DPPH)-free radical activity using a modified method [20] . The working solutions of the test extracts were prepared from the serial concentrations of 15.6-250 µg/mL and each extract was added at equal volume to methanolic solution of DPPH (0.1 mM). Quercetin was used as a standard in 37.5-150 µg/mL solution and standard solution separately. These solution mixtures were kept in the dark for 30 min, and the optical density was measured at 517 nm using a spectrophotometer. Methanol (1 mL) containing DPPH (0.1 mM) solution was used as a blank. The absorbance was recorded, and the percent inhibition was calculated using the following Equation (3):
where Abs control is the absorbance of the DPPH plus methanol and Abs sample is the absorbance of the DPPH plus sample extract/standard.
Statistics
Statistical analyses were carried out using ANOVA, with the level of significance set at p < 0.05. Differences among the means were evaluated using a statistical program GraphPad Prism 6 (La Jolla, CA, USA). All experiments were carried out in quadruplicate and repeated at least twice (mean ± standard deviation (SD).
Results
Extraction is the first step in the analysis of pharmacologically active compounds from plant materials [21] . The polarity of the solvent used for extraction and the method of extraction play vital roles in both the efficiency and efficacy of pharmacological activities [22] [23] [24] . With the key principle of solubility, phytoconstituents of varying polarities present in plants can be extracted by using appropriate solvents. Taking into account the fundamental principle of solubility, phytoconstituents of varying polarities in plants can be extracted by using appropriate solvents [25] . Other solvents that have been used for medicinal purposes are pure ethanol or a mixture of ethanol and water [26] . The extraction of bioactive compounds from plants has been widely investigated using conventional solvent extraction methods. This study aimed to determine the effect of extraction conditions on the concentration of the total phenolic content (TPC) and the antioxidant and cytotoxic activities of compounds present in B. x buttiana.
Effect of Solvent on Extraction Yield
In the present study, the effect of the extraction process on the yield and phytochemical screening of Bougainvillea x buttiana var. Rose was evaluated with seven solvents of differing polarities: water, methanol, ethanol, acetone, ethyl acetate, dichloromethane, and hexane (Table 1) . Figure 1 shows the percent extraction yield in each of the solvents up to 100% at 26 • C for 24 h. The values from the three samples of B. x buttiana were analyzed in triplicate, and the processes used different solvents at 100% with decreasing polarities. The BxbVR extraction yield increased with the increase in polarity of solvent used. The maximum extraction yield was observed using distilled water and methanol. The ranking order for the percent extraction yield was: dH 2 O = MeOH > EtOH > DCM = DMK = EtOAC = Hex. These results suggest that the major phytochemicals in BxbVR are mostly high in polarity and soluble in H 2 O and methanol. Solvent selection is based on polarity. In this study, different colors of extract were observed. The color of the water extract was dark-brownish; that of methanol was light-brownish; and that of ethanol was yellowish-green. One possible explanation for this observation is the presence of betacyanins, which can easily be isolated from Bougainvillea bract plants [27, 28] . this study, different colors of extract were observed. The color of the water extract was darkbrownish; that of methanol was light-brownish; and that of ethanol was yellowish-green. One possible explanation for this observation is the presence of betacyanins, which can easily be isolated from Bougainvillea bract plants [27, 28] . x buttiana with seven different extraction solvents at 100% at 26 °C for 24 h were prepared as described in the Materials and Methods section. Each bar corresponds to the results (mean ± standard deviation (SD)) from three different preparations.
Effect of Solvent Extraction on TPC Levels
Several investigations have reported that different solvent combinations can be used to extract antioxidants from plant materials. For the extraction of phenolic compounds, the solvents most widely used are water, ethanol, methanol, acetone, and their water mixtures [29, 30] . The chemical nature of the phenolic compounds, the extraction method employed, the sample particle size, the storage time and conditions, as well as the presence of interfering substances can all affect the efficiency of the extraction method [30] .
The total phenolic content from each B. x buttiana extract with solvents at 100% is presented in Figure 2 . The highest amount of TPC was obtained by extraction with methanol. The TPC ranged from 0.19 to 21.14 mgGA/g of dry extract. The results obtained from were in the order: MeOH > dH2O > EtOH > Hex > DCM = DMK = EtOAc. The TPC is often extracted at higher amounts in more polar solvents. In this study, among the pure solvents, methanol proved to be the most efficient solvent for 
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Effect of Solvent Extraction on Cellular Cytotoxicity
In the present study, cellular cytotoxicity was measured in the presence of 100 μg/100 μL of each solvent extraction. The effects of all extracts with solvents at 100% were evaluated in terms of their cytotoxicity in L-929 cells for different time intervals. The cytotoxicity percentage is presented in Figure 3 . At 24 h, the cytotoxicity ranged from 0% to 50.4%, and the ranking order was as follows: DCM> MeOH > DMK > EtOAc > Hex > dH2O > EtOH. Increasing the incubation time did not affect cytotoxicity. By contrast, extraction with ethanol yielded 5% and 6% cytotoxicity after 48h and 72 h, respectively. Several biologically active compounds have been extracted from plant materials using organic solvents, such as hexane, ether, acetonitrile, benzene, and ethanol, at various dilutions [32, 33] . However, these solvents may exert toxic effects in human patients, thus limiting their therapeutic potential [34, 35] . However, the amount of TPC was higher in polar solvents and weaker in non-polar solvents. The variations in TPC obtained from various extracts are attributed to the polarities of different compounds present in the plant materials. In general, the extractability of a particular compound is a function of the ratio of solute to solvent. In this case, the recovery of TPC appeared to be dependent on the type of solvent used, its polarity index, and the solubility of TPC in the extraction solvent. The solubility of polyphenols depends on the hydroxyl groups, molecular size, and length of the hydrocarbon [31] .
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Effect of Solvent Extraction on Antioxidant Activity
The antioxidant potential is inversely proportional to the IC50 value, which is calculated from the linear regression of the antioxidant activity versus the extract concentration. Quercetin, which was used as a standard, showed 50% inhibition at 96.82 μg/mL. The capacity to neutralize 50% of free radicals for BxbVR extraction at 26 °C ranged from 223 to 1455.6 μg/mL, and the antioxidant potential ranking order was as follows: MeOH > EtOH > dH2O > DMK > EtOAc > Hex > DCM (Table 2) . 
GC-MS Analysis
Although the benefits and biological activities of B. x buttiana have been reported, little is known scientifically about its antioxidant properties. Exogenous antioxidants from natural sources can improve the function of the endogenous antioxidant system, which is responsible for preventing free radicals in the body [31] . Recently, we reported that extracts contain polyphenols and exert DPPH radical scavenging activity. In the present study, we found that BxbVR extracts using different solvents showed the presence of various components.
To determine the prevalent component present in extracts from different solvents, samples were subjected to GM-chromatography. GC-MS analysis revealed four components present in water extracts, six components in MeOH extracts, nine components in EtOH extracts, eight components in DMK extracts, sixteen components in EtOAc extracts, thirteen components in DCM extracts, and six components in Hex extracts. 
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To determine the prevalent component present in extracts from different solvents, samples were subjected to GM-chromatography. GC-MS analysis revealed four components present in water extracts, six components in MeOH extracts, nine components in EtOH extracts, eight components in DMK extracts, sixteen components in EtOAc extracts, thirteen components in DCM extracts, and six components in Hex extracts.
The prevalent components, along with important parameters in GC qualitative analysis which are their retention times (RT) and concentrations (%) in BxbVR extracts using different solvents, are presented in Table 3 . The polarity of a molecule is a characteristic value known as the electric moment. Polar substances dissolve in polar substances because it is thermodynamically favorable for the solvent-solute forces. The solubility of a drug in a given solvent is mainly a function of the polarity of the solvent. Solvents may be divided into polar, semi-polar, and non-polar types. Polar solvents dissolve ionic and other polar solutes. The number of compounds characterized by GC-MS is obtained from each solvent extraction. Three compounds were found in dH 2 O (2.57%), MeOH (2.75%), and EtOH (2.11%) extracts. Six polar solutes were found in dH 2 O (96.01%), MeOH (94.17%), EtOH (51.43%), and DMK (16.84%) extracts. Semi-polar solvents, such as alcohols and ketones, may induce a certain degree of polarity in non-polar molecules and may, thus, act to improve the miscibility of polar and non-polar liquids, whereas non-polar solvents dissolve non-polar molecules. Eight compounds were found in EtOH (10.76%), DMK (23.14%), DCM (4.14%), and Hex (26.50%) extracts. Twelve compounds were found in EtOH (6.35%), DMK (19.92%), and DCM (3.37%) extracts. Figure 4 shows the molecular structures of the major compounds present in B. x buttiana extracts. Marvin was used to draw, display, and characterize chemical structures [36] . Figure 4 shows the molecular structures of the major compounds present in B. x buttiana extracts. Marvin was used to draw, display, and characterize chemical structures [36] . 
Conclusions
The results obtained demonstrate that the high polarity index of 100% methanol is able to extract phenolic compounds with low molecular weights. Additionally, this solvent is effective at extracting compounds with higher antioxidant potential. With the exceptions of water and ethanol, all of the other solvent extractions were cytotoxic (between 31% and 50%). Semi-polar solvents, such as alcohols and ketones, are able for to extract compounds with a degree of polarity. Extraction with hexane, which has a zero index of polarity, was only able to extract lipophilic compounds. The present results of this study do not reveal which chemical compound is responsible for antioxidant activity. Hence, the whole plant could be of use as a good source of antioxidants. Further studies are needed for the isolation and identification of individual compounds from the crude extracts of Bougainvillea x buttiana and in vivo studies are needed for better understanding of their mechanism of action as antioxidants. 
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